The interaction of an organism and its environment is determined, to a significant degree, by the composition of the environment and the biochemical individuality of the given organism.
Multicellular organisms have to offer their cells an environment similar to the marine environment of unicellular organisms to which they no langer have free access. The complexity of the developed animal body is to a large extent the result of the need for maintaining the characteristics of the internal environment in a balanced state, in spite ofthe influence ofthe ever-changing external environment on which the organism is strongly dependent.
Homeostatic processes permit recovery after each displacement from the optimal state of the internal environment. Many homeostatic processes are still poorly understood.
A homeostatic process is made up of two opposing mechanisms which tend to maintain a given parameter of the internal environment. The degree of complexity in a homeostatic system is proportional to its importance for survival. In maintaining homeostasis of an essential parameter ofthe internal environment, a new level of activity of the argans involved as effectors of this homeostatic process is required. Thus, while one system is being stabilized, it is done at the expense of the activity of another system.
Many environmental pollutants enter the intemal milieu of the animal body which reacts to xenobiotics by initiating a series of enzymatic and immunological processes aimed at inactivating and/or withdrawing them. It reacts also to their biological effects by mechanisms of homeostasis which strive to reestablish the status quo ante.
The faculty of an organism to rid itself of xenobiotics or of their biological effects is a function of its genetic equipment and of the extent to which this equipment has been used during the course of its life (i.e. the phenotype acquired by cultivation of the adaptive inherited capacities of the organism) and represents defence or adaptive mechanisms.
If the quantity of a noxious agent reaches a certain Ievel, due to its high concentration in the extemal environment or to the poor capability of the organism to get rid of it, or if certain homeostatic processes fail to maintain the Ievel of a disturbed parameter of the internal milieu, acute or chronic toxicity or chronic biological effects may arise.
Diseases may also appear indirectly as a result of adaptive mechanisms since adaptive non-specific biochemical processes may quantitatively affect compounds naturally occurring in the animal body with important roles in physiology.
It follows that there is a need to establish the MAC of xenobiotics and also to establish which parameters of the intemal environment are affected by specific xenobiotics. Suitable preventive programmes regarding man and environment should be elaborated.
A large number of synthetic compounds have become current constituents of the external environment in recent decades 138 • At the same time, many natural components of the soil have been brought in ever-increasing quantities to the surface by man's activity (mining and agriculture).
Fora long time. investigators in environmental and medical scienceshave striven to establish criteria for the allowable Ievel of environmental hazards which would enable the human body to maintain its homeostases both in living and industrial environments. Concepts, methods and findings in physiology, pharmacology, biochemistry and epidemiology have succeeded in providing some Ievel of confidence for biologists and physicians that our epoch is able to put the achievements of technology into practice, improving economic welfare without harm to the health and survival of mankind. This mood of confidence was characteristic of the end of the flfth decade and has been expressed in the debates and recommendations of several international meetings. The last two decades, however, have cast their shadows on this confidence, and findings have been brought to light which seem to be controversial, raise concem and require careful consideration.
The reasons which led to these conjectures include : -the rich flow of chemieals and drugs which penetrated the living and working milieu at a rate beyond the capacity of scientific supervision to monitor in all its biological implications.
-the extraordinary development of chemistry and biology which has helped us to understand the large spectrum of individual behaviour towards environmental hazards in presumably healthy people.
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As a cotollary of this stage in the development of our civilization, it becomes important to know what sort of components of the contemporary environment enter the animal body, to what extent they affect biochemical processes, and in which circumstances we consider as 'allowable' their concentration in man's tissues. Most ofthe new compounds are constituents also of the non-occupational environment. lt therefore becomes important to establish the concentration of such chemieals in the body of presumably healthy people, not occupationally exposed.
This point of view appears quite integrated into ·the conception of modern public health, which speaks nowadays in terms of 'chemical epidemiology' 35 • But the crystallization oftbis concept has taken about two decades and DDT constituted the 'guinea-pig' of a controversial evolution in biological thinking which seems far from nearing its end.
The epidemiological approach to assessing man 's exposure to environmental trace substances includes : (a) the assessment of the intemal chemical Ioad constituted by trace substances as such (e.g. metals, pesticides and other synthetic organic compounds); (b) the measurement ofbiological responses induced by the intemal chemical Ioad This refers to the impact on the metabolism of normal constituents of the human body and on the activity of defence systems; (c) the exploration of a cytogenetic indicator, namely the occurrence of chromosomal abnormalities following environmental exposure to certain trace substances. (a) In this paper, we refer to organochlorine compounds with special emphasis on DDT and its metabolites, BHC isomers, H. Epoxide, Dieldrin, HCB and PCBs which together represent a large percentage of OCC environmental pollution.
As pesticides or enhancers of the activity of some pesticides, these compounds are important to economy and preventive medicine. PCBs are not only used in the formulation of some chlorinated pesticides 66 but also have widespread industrial use due to certain unique properties. The use of OCI on a large scale began with DDT during the 1939-45 war. At that time, PCBs already bad about 15 years ofindustrial use. None ofthese compounds was detected in the environment after a prior planning. lt was intuition that led Howell to suppose that DDT may be found in men exposed to this compound since he knew about its presence in the adipose tissue of sheep exposed to DDT in the fields. He reported in 1948, th.e presence of DDT in a Iipoma removed from a 37 year old male worker from Oklahoma 67 • PCBs were detected, by chance, by Jensen in 1966, who identified, by mass spectroscopy, some peaks which appeared on the graph of gas-chromatographic assessment together with OCI peaks 69 • Beginning with the sixties, a large number of publications established the storage Ievel of OCC in groups of the generat population and in people occupationally exposed to these compounds.
The storage was assessed especially in the subcutaneous tissue of the anterior abdominal wall. With improvement of methodology, it became possible to assess OCC in plasma on the ng scale.
It must be said that the analytical procedure differs from laboratory to 191 laboratory and this may be looked upon as a handicap in the elaboration of a map of the distribution of OCC in the general population throughout the world. In some countries (USA and Israel) surveys were performed for many other countries, and at least for these studies, the analytical procedure parameter may not constitute a problem. Some laboratories have crosschecked some of their samples in order to match their technical procedure (our laboratory with the Atlanta Center, and other countries too). Because of the very large range of values in the samples (between fractions of p.p.m. to tens of p.p.m.), a large number of samples had to be studied.
The question of whether plasma Ievel of OCC may substitute for the adipose tissue storage gave rise to comparative studies, some authors claiming a direct correlation between adipose tissue and plasma levels 44 while others deny such a relationship 118 . In favour of the plasma OCC assessment, we may say that blood is easily obtainable in people occupationally exposed to OCC or in persons hdSpitalized for medical purposes. Moreover, blood Ievels represent the actual Ievels of OCC in the internal environment and therefore, are a better index of biological implications of OCC pollution. The plasma Ievel rises with the intensity of exposure.
Another debated question was whether the storage Ievel should be expressed by the concentration of OCC in the tissue as such or in its extracted Iipids.
Because of the differences in the quantity of adipose tissue and in the proportion of Iipids found in the adipose tissue of each person, the two possibilities give only an approximate reflection of the situation. The total body Ioad may permit the appreciation of the hazard represented by OCC residues in special circumstances like starvation or sudden loss of weight resulting from disease. The assessment of the body Ioad is unfortunately also an approximation.
All these problems indicate the need for a standardized approach in the analytical procedure of OCC assessment.
The importance of the assessment of OCC residues in man is proved by the need for adjusting preventive measures according to the geographical • characteristics of OCI storage.
The map we intend to draw emphasizes the findings regarding only adipose tissue storage of OCC expressed in p.p.m. of whole tissue and the content of OCC (expressed in p.p.b.) in whole milk
We chose this presentation because a large number of publications report the OCC residues in this way. The content of OCC in whole milk ( rather than the value of OCC in milk extracted Iipids) may Iead us to the assessment of the daily intake of OCC in breast-fed infants, which has proved to be a hazard in some areas.
As we see from the analysis of the following tables, OCI residues were analysed in groups of people on all the continents and were found to depend on several parameters, namely :
(1) The storage of OCC in man is a widespread phenomenon, in fact they are a current constituent of humans living in the second half of this century.
(2) The storage of OCC is proportional to the degree of exposure, since occupationally exposed people store the highest levels 146 • (3) The storage of OCI is higher in men, and there is a direct relation to age, starting with the intrauterine life up to the age of 45 years. In some countries (USA, Israel), this direct relationship exists for all the age groups, while in others a decrease in the storage Ievel occurs after 45 years of age.
(4) The geographical location of the groups sampled seems to have an influence on OCI storage. The storage is higher in south and east Europe when compared with north and west Europe. The same applies when we compare Canada to the USA. The cause of these geographical differences may be local agriculture or sanitary practices.
(5) The physiological state of the body (e.g. pregnancy 110 ) , obesity, loss of weight, and pathological conditions like liver disease 99 (6) Race also seems to influence the storage Ievel. Davies 34 found higher concentration in negroes of the USA. In South Africa, a lower Ievel of OCI storagewas reported by us in non-white people 144 • It is possible that socioeconomic conditions may explain such differences. In a study of OCI serum Ievels in a multiracial population, significant differences were found among the various ethnic groups: sera from Chinese contained the highest Ievels of p,p'-DDT and ß-BHC. Koreans bad the highest Ievels of Dieldrin, and people from triracial backgrounds bad the highest Ievels of y-BH C 81 .
(7) There is a bidirectional relation between OCI and some drugs which influence their storage Ievel by activation or inversely by inhibition of enzymatic systems involved in tbe metabolization of these compounds. Volunteers receiving diphenylhydantoin 36 as well as patients receiving phenobarbital and/or diphenylhydantoin 163 bad a lower OCI storage Ievel when compared to controls. In an OCI plant, one of the workers who took phenobarbital and diphenylhydantoin over 25 years for post traumatic epilepsy bad no or trace amounts of DDT and ODE residues in bis serum 85 • (8) The banning of special OCC which reached too high a Ievel in special areas (e.g. ß-BHC in Japan) led to decrease in storage of the banned compound (ß-BHC in Japan decreased 2Q-50 per ccnt 102 ) . (9) The exposure of the generat population to OCI occurs especially from contaminated food but alsö from hausehold use (ß-BHC residue was higher in the milk of non-farm women in Japan 9 • 12 7 ). Mothers in non-agricultural families consume larger amounts of beef and milk daily, when compared to farm women 58 .
(10) The greatest exposure of the generat population, non-occupationally exposed to OCC, isthat of infants fed by mother's milk. Mother's milk has a higher OCC residue than cow's milkandin some regions the exposure is high enough to cause biological effects (inhibition of corticoids synthesis, gluconeogenic enzyme activity, and the interference with calcium, vitamin D and sex hormone metabolism 7 ) . In Guatemala, 00 residue of mother's milk is 25-30 times the average Ievel found in the USA, UK and Sweden (Löfroth 8~.
(b) Appreciation of the biological effects induced by the OCC body burden. The findings of OCC residues in men and the sturlies regarding the • Only one isomer. metabolism of these compounds have opened the way to epidemiological toxicology and ecology and thrown new light on the understanding of the defence mechanisms of the animal body against xenobiotics. These findings have helped us to understand the unwanted effect on species which could not adapt to the presence of OCC in their environment and became victims of the 'natural' selection produced by the new parameters of the environment.
Very interesting biological activities of OCC were found after the discovery by Hart and Fouts that DDT 'shorted' the half-life of a drug by interfering with enzymatic activity of drug detoxication 57 . This discovery, which was made by chance, had a tremendous influence on biological thinking in general with important repercussions in pharmacology and medicine on the one band and on the attitude towards OCC environmental poilution on the other. Soon enough, the interaction between OCC metabolism and that of some naturally occurring compounds in the human body was reported.
The problern is no Ionger that of storage in the animal body of inert compounds which have the annoying defect of being remanent, but the storage of active compounds which interfere with the metabolism of foreign as weil as naturally occurring compounds in the animal body and do so at the minute Ievels detected by advanced chemical procedures.
As far as the biological effects of OCC are concerned, we undertook the study of serum cholesterol and serum PBI in workers occupationally and naturally exposed to OCI 145 • 148 and in animals fed extra dosages of OCC.
The study of cholesterol homeostasis was suggested by the inducing of · Smooth Surfaced Endoplasmic Reticulum (SSER) proliferation by OCI and other organochlorine compounds like Polychlorinated Biphenyls (SSER probably being the site of cholesterol synthesis). Serum cholesterol was found within the range considered as normal. However, in the over 45 year age group, a statistically significant increase was found when occupationally and non-occupationally exposed workers were compared. We thought that OCI induced an increase of cholesterol synthesis, a process which was masked by a concomitant breakdown. In the over 45 year age group, a diminished reactivity of homeostatic processes may explain the findings of enhanced cholesterol synthesis which is less masked by concomitant catabolism.
The study of serum PBI was initiated by us in people occupationaily exposed to OCI and in animals fed a diet containing p,p'-DDD, Dieldrin, y-BHC, or PCBs, because of the possibility of competition for plasma thyroxine binding globulin between OCC and thyroxine owing to the resemblance in chemical structure ofthese compounds.
Serum PBI was significantly lower in workers occupationally exposed to OCI when compared to non-occupationally exposed workers 148 • The euthyroid clinical state of people occupationally exposed to pesticides suggests that even if the presence of OCI in the animal body affects the metabolism of thyroxine, thyroxine homeostasis is maintained by a sustained effort of the hypophyso-thyroid system. PBI serum Ievels were also significantly decreased in OCI (Dieldrin or ' y-BHC) receiving rabbits 154 as weil as in rats with subacute exposure to PCBs 157 • 158 . These data confirm the findings we described in people 202 occupationally exposed to OCI, and underline a common biological effect of the two groups of OCC (OCI and PCBs). This action of OCC (OCI and PCBs) on the thyroid gland was better understood following ultrastructural research 157 which showed features of hyperfunction 157 (and unpublished data regarding p,p'-DDT and Dieldrin). A more rapid degradation of thyroid hormones in the presence of a high Ievel of OCC (which are powerful inducers of non-specific metabolizing enzymes) resulted in morphological features of hyperactivity in the thyroid gland due to a negative feedback reaction.
Following the line of defence of the animal body against environmental hazards, we studied the effect of OCC on the immunological response to antigens143,149_
Rahbits had an impaired immunological response to soluble and particulate antigens when they received 200p.p.m., p,p'-DDT in their drinking water. Total gamma globulins decreased at the expense of the 7S fraction. The antibody titre to ovalbumin 143 Salmonella typhi and Sheep Red Blood Cells (SRBC) 149 also decreased. The impairment of these immunological indices was higher in the p,p'-DDT -Salmonella receiving rabbits than in the p,p'-D DT -SRBC receiving rabbits.
The plasma total DDT Ievel differed significantly in the two groups receiving p,p'-DDT (p,p'-DDT-Salmonella and p,p'-DDT-SRBC receiving rabbits). This finding may explain the different degree of impairment of the immunologic response, the higher plasma DDT Ievel having a more marked effect. These differences in total DDT plasma level in the two groups of rabbits which received the same amounts of p,p'-DDT in their drinking water may be considered as a consequence of the concomitant presence of a different kind offoreign antigen in the internal milieu 149 .
A bi-directional relationship between a detoxication process and an immunological response to antigens was suggested by these findings.
Dieldrin and y-BHC inhibited the tendency of the 7S fraction of serum gamma globulins to increase after Salmonella typhi administration 154 .
In rabbits receiving p,p'-DDT, Dieldrin and/or PCBs-1221 there was a tendency towards a decrease in the level of gamma globulin fractions (IgG and lgM) which was statistically significant for Dieldrin and PCBs 158 .
Recently a lowering of gamma globulin fraction of serum proteins was noted in guinea-pigs fed 10 p.p.m. PCBs-1254 136 .
Thymus atrophy and lymphopenia in PCBs receiving rabbits 135 and increased mortality from hepatitis virus in ducklings receiving PCBs 53 have also been described.
Ehrlich ascites tumour cells were inoculated (2 x 10 6 ) i.p. to normal and p,p'-DDT receiving mice. A week after deaths began to occur, 24 per cent of the rats which received p,p'DDT and 76 per cent of the contol rats were still alive (unpublished data).
The serum albumin Ievel rose in rabbits receiving OCI and fell in those receiving PCBs 158 . PCBs acted in the same way as OCI in lowering the serum gamma globulin levels and in opposite ways on serum albumin levels. An interpretation of these dissimilar features of OCI and PCBs was possibly due to the investigation of the effect of p,p'-DDT and PCBs on the hypophyso-adrenal axis. 203 lt is considered that p,p'-DDT has no effect on the hypophyso-adrenal axis, an inhibitory effect being attributed to o,p'-DDD. Yet the hypertrophy of adrenal glands in rats undergoing surgical trauma was smaller in rats receiving p,p'-DDT when compared to normally fed rats 143 which raised the problern of the influence of p,p'-DDT on the chain of biochemical events in the adaptation of zona fasciculata activity to the needs of the organism 155 • This finding suggests that p,p'-DDT has a certain inhibitory influence on the hypophyso-adrenal axis .
. In rats receiving PCBs (1221 and 1254) we found morphological features in the zona fasciculata of the adrenal gland indicating increased morphological activity 15 3 . These findings conformed with physiological features of adrenal zona fasciculata hyperfunction (statistically significant increase of plasma corticosterone in male and female rats receiving PCBs in their diet 159 ) . The results were interpreted as evidence of the need for higher levels of corticosteroids in defence against the stressor character of PCBs and perhaps also of the need for catatoxic activity of corticosteroids.
The opposite effects of OCI and PCBs on the adrenal gland may explain the respectively anabolic and catabolic action of these compounds on serum albumin.
(c) The exploration of the genetic hazard following exposure to trace substances should become an integral part of toxicological control of the environment.
Only during the 1939-45 war did it become clear that chemieals may induce mutations when Auerbach and Robson described their observations on the mutagenic effect of nitrogen mustard 11 . Since then, many chemical compounds have been shown to be mutagenic in lower organisms as well as in mammals and man.
Recent publications show a significant increase in mutation rates induced by DDD in mice 23 • DDT and DDA are considered possible mutagens in Salmonella typhimurium 22 , in Drosophyla melanogaster 134 , in mice 71 andin rats 87 • Bone marrow cultures in Mallard ducks exposed to Dieldrin showed an increase in chromosomal structural alterations 21 . Mutagenesis is a dose-related biological effect 4 • 1 The estimation of safe levels of OCC has to be performed as for radiation-induced mutations. Most publications refer to findings in submammalian and mammalian systems using different tests. Due to the lack of data for man, a safety factor has to be calculated from animal experiment findings, although this safe level may prove inadequate in the future, when more data are available.
Improvement in the knowledge of chemical mutagenesis in man may result from :
(1) Follow-up of fluctuation in the mutation frequency in stable human populations in order to detect changes in the occurrence of genetic abnormalities. From this point of view, factories, plants and industrial areas may be considered laboratories in which possible genetic hazards can be followed since the industrial environment contains high concentrations of specific chemical compounds.
(2) Screening for chromosome abnormalities in leukocytes obtained from personnet occupationally exposed to OCC and for OCC plasma levels, may give important indications about dose-effect relationships since occupation-204 ally exposed people store a higher Ievel when compared to non-occupationally exposed people. It has to be stressed that only a statistically significant increase in aberration rates in large groups of people can be considered as an indication of the mutagenic effects of a certain environment.
